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Progress world wide in breeding groundnuts resistant to seed colonization by Aspergillus flavus 
and &atoxin contamination is summarized, and research at ICRISA I'described. Resistance to 
A. flavus infection may occur at various levels, but efforts to breed for resistance have concen- 
trated on the utilization o f  the resistance in the testae o f  matureseeds. At the International Crops 
Research Institute for the Semi-Arid Tropics (ICRISA T), genotypes identified as resistant to in 
vitro seed colonization by A. flavus have been crossed with susceptible cultivars of  good 
agronomic character, and several breeding lines with stable resistance to seed colonization and 
with acceptable yield and quality have been produced. The genetics o f  inheritance o f  testa 
resistance is discussed. It is important that when breeding for resistance to A. flavus and aflatoxin 
production, breeders incorporate bther resistance traits. 
SClection pour la resistance Q Aspergillus flavus chez I'arachide-rCsultats obtenus nu Centre 
ICRlSAT : Les acquis au niveau international dans la sklection d brachides rCsistantes d la 
colonisation des graines par Aspergillus flavus et d la contamination par les al7atoxines sont 
rappelks. La recherche menke A 1WR ISA Test dbcrite. La rtsistance se produit d divers niveaux, 
mais les travaux de sklection sont axks sur la rksistance des tkgumcnts des graines mores. A 
I'ICRISA T, les gtnotypes identifiCs comme rtsistants d la colonisation in vitro des graines par 
Aspergillus flavus ont Ctk croisb avec des cultivars sensibles ayant de bonnes caractCristiques 
agronomiques; ainsi, plusieurs lignkes d rksistance stable, d bon rendement et de bonne qualitk ont 
kt6 cr&s. L 'hbrtditk de la rdsistance du ttgument est ktudite. Les sklectionncurs devraient 
incorporer d 'autres caractkres de rbsistance. 
La seleccibn para lograr resistencia a Aspergilus flavus en el cacahuate: Avances logrados en el 
centro ICRISAT : Los avances logrados a nivel international en la seleccidn de cacahuate 
resistente a la colonizacidn de sus semillas por Aspergillus flavus y a la contaminacidn con 
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ailatoxinas, se presentan en forma resumida, y se describen las investigaciones nalizadas en el 
$CR ISA T. La resistencia a A. flavus puedepresentarse a diferentes niveles, pero 10s trabajospara 
lograr la resistencia se han concentrado en la utilizacidn de la resistencia de las testas de las 
semillas maduras. En el Institute lnternacional de Investigacidn sobre Cultivos en 10s Trdpicos 
Semihridos (ICR ISA T), losgenotipos identificados como resistentes a la colonizacidn in vitro de 
losgranos por Aspergillus flavus, se han cruzado con cultivares susceptibles con buenas caracted- 
sticas agrondmicas, y se han obtenido varias lineasgentticas de cacahuate con resistencia estable 
a la colonizacidn de la semilla, y con rendimiento y calidad de semilla aceptables. Se examina la 
gendtica de la herencia de la resistencia cn Ias testas. Es importante que cuando realicen la 
seleccidn para lograr resistencia a A. flavus, 10s fitomejoradores incorporen simultdneamente 
otras caracteristicas de resistencia. 
Introduction 
Of the several control strategies for Aspergillusfluvus Link ex Fries in groundnut, breeding for 
resistance is credited to be a sound, long-term approach to aflatoxin prevention in groundnut 
(Sanders 1983, Cole 198 I, Diener et al. 1982, Mixon 198 1, Mehan and McDonald 1984). In this 
paper, we review the general progress made in this area and describe in detail the progress ma( 
at ICRISAT Center. The problems and prospects for developing commercially acceptat 
cultivars of groundnut with resistance to A.flavus, are discussed and future research priorities 
are considered. 
Resistance Traits and Their Possible Exploitation 
Resistance to A.fluvus in groundnut may operate at three sites in the plant-the pod, the seed 
coat, and the cotyledons. Zambettakis (1975) observed that the varieties Shulamit and Darou IV 
had lower levels of pod infection by A. h v u s  than other varieties tested in Senegal and 
attributed this to differences in pod-shell structure. Other workers have attributed resistance to 
the action of antagonistic microflora in the shell (Kushalappa et al. 1976), or to presence of 
thick-walled parenchyma cells (Pettit et al. 1977). After initial interest in the early 1970s only 
limited research on pod resistance has been reported. 
Mixon and Rogers (1973) identified seed-coat resistance to A.Juvus in the germplasm lines PI 
337409 and PI 337394F by screening sound mature seeds of groundnut by artificial inoculation 
with A. fluvus conidia in an environment favorable to A. flavus development. Subsequent 
reports confirmed seed-coat resistance in these lines and added several new germplasm lines and 
commercial varieties to the list of resistant materials. Among the reported resistant lines, the( 
resistance in J I I, UF 71 513, PI 337394F, PI 337409, Ah 7223, Faizpur 1-5, and Var.27 has been 
confirmed by testing over locations and years, but the stability of resistance in other lines has not 
been confirmed by multilocational testing. The lines with confirmed resistance have been used as 
gene donors for this characteristic. It has also been shown that resistance in J 1 I, PI 337394F, 
and PI 337409 can be transferred to other genetic backgrounds (Mixon 1986). 
Ge'notypic differences are also reported for the ability of groundnut seeds to support the 
production of aflatoxins. Certain clain~s by earlier workers that US 26 (= PI 246388 = Koboka) 
and 'Asiriya Mwitunde' were resistant to aflatoxin production were not substantiated. However, 
Mehan et al. (1986) after screening over 500 genotypes, reported the low aflatoxin-producing 
ability in U 4-7-5 and VRR 245. No efforts are reported in the literature of genetically improving 
low aflatoxin-producing genotypes or transferring this trait to other lines. However, the two 
germplasm lines reported to be low aflatoxin producers, provide us an opportunity of improving 
upon this trait and combining it with other A. flavus resistance traits. 
Genetic variability has also been reported for resistance in groundnut which prevents the 
penetration and colonization by A. flavus in the field. The genotypes J I I ,  Ah 7223, UF 71513, 
and U 4-47-7 have been reported to be resistant to preharvest seed infection in India, while 
55-437, PI 337409,73-30, and 73-33 were reported to be resistant to seed infection by A.Javus in 
Senegal (Zambettakis et al. 198 1). There has been only limited breeding effort to use preharvest 
resistance to seed infection as a selection trait. However, some of the sources of resistance to seed 
infection that also have seedcoat resistance, have been used in breeding programs to incorpo- 
rate seedcoat resistance into high yielding cultivars. 
It  is interesting that although several factors such as; low testa permeability, increased surface 
wax accumulation, uniform wax coating, thin testa with compact and tight cell structure, 
compact palisade-like layer, small hilum, presence of tannins and inhibitory compounds, and 
differences in amino acid composition have been reported to contribute towards A. flavus 
resistance, no efforts have been made to breed for these traits. This may be because information 
on the contribution of these mechanisms to resistance traits is not fully available and/ or they are 
highly influenced by environmental variations. There are no standard screening techniques for 
mechanisms. More work will be required before the resistance mechanisms are 
.stood. 
Breeding for A.  flavus Resistance at ICRISAT Center 
Research is in pragress at ICRISAT Center to incorporate seed-coat resistance into high 
yielding and adapted groundnut cultivars, and to study the genetics of seed-coat resistance. We 
are also exploring the possibilities of combining seed-coat resistance with low aflatoxin- 
producing ability, and hope to study the inheritance of low aflatoxin production. 
Sources of Resistance and Crossing Plan 
Genotypes used as parents in this breeding project have been selected based on the strength of 
their seed-coat resistance, and the stability of their resistance (Table I ) .  These genotypes have 
been used extensively as gene donors for seed-coat resistance. In addition, we have recently 
received genotypes AR 1, AR 3, and GFA 2 to be used as new sources of resistance; these have 
been multiplied and initial observations made to confirm their resistance. We have made crosses 
tween resistant and adapted lines from important groundnut-growing countries where A./la- 
1s infection and aflatoxin contamination are serious problems. We have also made crosses 
among source lines to bring together genes to strengthen resistance, assuming that different 
source lines possess non-allelic resistant genes. 
Selection for Yield and Seed-coat Resistance 
At ICRISAT Center, we follow a mass pedigree scheme to select for pod yield. In the F, 
generation, selection is based on the numbers of mature pods per plant. Progenies are advanced 
as bulks, and in each generation, selection is made for yield and other agronomic traits. In the 
F6-F8 generations, bulks are separated based on theapparent uniformity for their plant and pod 
Table 1, Aspergillrrs/lavus seed colonization (%) and pod yield (kg ha-l) of selected groundnut breeding 
lines in multilocational testing in India (1983-1986). 
Postrainy Rainy season 
season 1983 / 84 1984' 19862 
Identity Pedigree SC (%) Pod yield SC (9%) Pod yield SC (%) Pod yield 
ICGV 86168 (J 1 1  x PI 337394F) 15.24 5870 12.3 2420 9.17 1833 
ICGV 86169 (PI 337409 UF 715 13) 1 1.62 4951 10.6 2294 10.31 1735 
ICGV86170 (Ah 32 x PI 337409) 14.36 5062 14.8 2336 16.87 1571 
ICGV 86171 (J 1 1  PI 337394F) 6.47 5796 9.6 1 999 9.36 1617 
ICGV 86173 (Faizpur 1-5 PI 337409) 13.43 5407 12.4 2 181 23,87 1586 
ICGV 86174 (UF 71513 PI 337394F) 11.71 5 139 12,4 2262 10.21 1587 
ICGV 87937 (NC 17 x PI 337394F) 16.40 4824 15.3 2225 NT NT 
ICGV 86177 ( M H  2 x PI 337394F) 12.38 5302 14.9 2 108 18.13 1740 
Controls 
J 1 1 3  
UF 715133 
JL 24' 
Kadiri 3' 
Mean 
I .  Data meanirom lour locat~ons; ICRISAT Center ( H ~ g h  Input), I C R l S A r  Center (Low Input), Bhavanlsagar, and H~sar. 
2. Data mean from seven locations, ICRISA'I Center (High Input A f l ~ ~ o l ) ,  lCRlSAT Center (Low Input. Alfisol), I C R I S A T  Center 
(Low Input, Vertisol), Hisar, Dharwad. Bhavanisagar, and Anantapur. 
3 .  A .  Javus resistant varieties. 
4. A .  ,flavus susceptible varieties. 
characters. These bulks are checked in the following generation for true-breeding character and 
uniformiiy. They are then entered into replicated yield trials. Harvested samples from these 
trials are sent to the laboratory where their seed-coat resistance is determined using the 
procedure described by Mehan et al. (1981), a modification of the procedure first described by 
Mixon and Rogers (1973). 
If sufficient seed is available, breeding lines are tested in multilocational trials to evaluate tl 
stability of their resistance, We emphasize the identification of stable resistance because past 
findings have indicated that environmental factors can influence seed-coat resistance (Diener et 
al. 1982, Sanders 1983, Davidson et al. 1983, Mehan et al. 1983). 
In 1984, we modified the mass pedigree breeding system to include a stage of progeny-row 
testing in the F, generation, based on plant-to-row progenies obtained from selected F2 plants. 
F, single-plant progenies are handled as progeny bulks from F, onwards and mass selection is 
made within each bulk. We plan to ase a similar scheme to combine low aflatoxin production 
with seed-coat resistance. Because natural seed infection could be a better indicator of A.j7uvus 
resistance in the field, we are now planning to test breeding progenies in the field for preharvest 
seed infection by A. jlavus. 
Progress in Breeding 
We have tested several hundred breeding lines for yield and seed-coat resistance. Generally, very 
few lines with A.j7uvus resistance and high yield have been recovered; this may be because of the 
low heritability of seed-coat resistance. 
We now have eight breeding lines (Table 1)  with seedcoat resistance levels equal to those of 
the resistant souice lines J 11 and UF 71513. The yield levels in the selected lines, though 
fluctuating over the years, have been betterthan those of the resistant source lines. In a few years 
and locations, the resistant breeding lines have outyielded such susceptible commercial control 
varieties as J L  24and Kadiri 3. Five lines, ICGV 86168, ICGV 86169, ICGV 86171, ICGV 861 74, 
and ICGV 86177 are being evaluated in larger plots for seed infection and aflatoxin 
contamination. 
We also have 32 breeding lines that have been tested once for seedcoat resistance. Some of 
these have high yield potential in addition to seedcoat resistance. 
The importance of the stability of seed-coat resistance has been stressed by many previous 
workers. We have studied the stability of the resistant breeding lines, that were tested in the rainy 
seasons at four locations in 1984, and seven locations in 1986 (Tables 2 and 3), using the 
----4ssion approach of Eberhart and Russell (1966). The regression coefficient (B) for resistance 
ed against the mean percentage seed colonization (Fig I, a and b) indicated that in both 
years, the selected resistant breeding lines were as stable as the resistant source lines and had 
similar levels of seed colonization td. the resistance source lines. The regression coefficient (BI) 
for yield plotted against the mean yield over locations indicated that some of the resistant 
breeding lines were also responsive to the environment. 
f Table 2. Stability parameters of eight breeding lines obtained from four Indian locations, rainy season, / 1984. 
I 
Pod yield (kg ha-1) Seed colonization (%) 
, Identity Mean BI S2d1 Mean B I S2d I 1 ICGV 86168 2 420 1.088 376608 12.30 0.495 -17.8 
j ICGV 86169 2 294 1.060 -50440 10.65 0.288 -21.5 
ICGV 86170 2 336 1.101 -22702 14.82 0.336 -20.2 
V 86171 1 999 0.99 1 62199 9.65 0.168 -1 1.2 
g V  86173 2 181 1.138 46684 12.47 1.038 -5.4 
ICGV 86174 2 262 0.896 54896 12.40 0.266 -19.9 
ICGV 87937 2 225 0.9 10 54465 15.37 1.794 -22.6 
ICGV 86177 2 108 1.008 -18571 14.93 1.007 -17.8 
Controls 
J 11 '  2077 0.868 -36506 11.37 0.868 -26.1 
UF 71513' 2151 0.862 14654 9.50 9.606 -13.7 
JL 24' 2004 1.040 -27055 39.20 2.565 20.0 
Kadiri 31 2080 0.833 1 13586 31.13 0.900 48.9 
. Resistant control varie~ics. 
. Susceptible control varieties. 
1 I .  ICGV 86168 6. J l l 
2. ICGV 86169 7. UF 71513 
3. ICGV 86171 8. J L  24 
4. ICGV 86174 9. Kadiri 3 
5 ,  ICGV 86177 
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Figure 1. Stability of groundnut seedcoat resistance, ICRISAT Center. a. rainy season 1984, b. rainy 
season 1986. 
Table 3. Stability parameters of six groundnut breeding lines obtained from seven Indian locations, rainy 
season 1986. 
Pod yield (kg ha-l) 
Identity Mean Bi S2di 
Seed colonization (%) 
Mean Bi S2d i 
ICGV 86168 
ICGV 86169 
ICGV 86170 
ICGV 86171 
ICGV 86174 
ICGV 86177 
Controls 
J 1 1 '  
UF 715131 
JL 241 
Kadiri 32 
-- - - - - - -- 
I .  Res~s~ant control varletlcs. 
Suscevt~ble control varleues 
Breeding for A.  flavus Resistance at Other Locations 
The group at Tifton, Georgia, USA lead by A.C. Mixon who first identified resistance in PI 
337394F and PI 337409, have successfully transferred this resistance to other genetic back- 
grounds (Mixon 1983 a ,  1983 b), producing the lines AR I to 4 which retain their resistance and 
yield more than their resistant parents in the USA. Breeding activities are in progress in Thailand 
(TCGIP 1985), and Senegal (Waliyar, Personal communication). At all the centers P1337394F, 
PI 337409, UF 715 13, and J 11 are common resistant parents in use as genedonors. In addition, 
scientists in Thailand have used AR 1 to 4 as new sources of resistance, and the variety 55-437 has 
been used in Senegal. A dry seed inoculation laboratory technique was used to screen selected 
lines in Thailand (Waranyuwat and Bhumibhaman 1985). 
Genetics of Seed-coat Resistance 
Of the different resistance traits, the genetics has been studied only for seed-coat resistance, and 
'only one report (Mixon 1979) is available. This study, which evaluated the frequency distribu- 
tion for percentage seed colonization from F, and F, plants of reciprocal crosses between PI 
337409 (resistant) and PI 331326 (susceptible), indicated a broad sense heritability value of 
78.5%. Subsequently, Mixon reported some more segregating populationevaluations to under- 
stand the genetics, but the conclusions were incomplete. 
Investigations a t  ICRISAT Center have concentrated on understanding the combining 
abilities of the resistant parents. The main problem in the studies on inheritance of seed-coat 
resistance is the improper matching of the filial generations among testa, cotyledon, and embryo 
in the seed. In the seed of any of the filial generations, the testa belongs to  the maternal 
generation while the cotyledons and embryo belong to the next generation. Thus, it has to be 
assumed that seed-coat resistance located in the testa is not influenced by the hybridity o r  
Table 4. General combining ability (GCA) effects for seven parental 
lines for seed-coat resistance in a Fo line tester study, ICRISAT 
Center. 
- -- 
Parent GCA effect 
Testers 
Kadiri 3 + 0.97 
ICGS(AF)78 + 1.97 
U 4-7-5 - 2.95 
Lines 
U F  71513 
Ah 7223 
J I 1  
Var. 27 
SE (Line) * 1.49 
SE (Tester) * 1.72 
- 
Table 5. General combining ability (CCA) effects for four ground- 
nut lines for seed-coat resistance in a 4-parent Fo and FI diallel, 
ICRISAT Center. 
Parent 
- - - - - 
Fo seed F, seed 
Av. SE 
Table 6. Reciprocal effects for six crosses for seed-coat resistance in 
a 4-parent Fe and F, diallel, ICRISAT Center. 
- 
Cross Fo seed Fl seed 
PI p2 -2  +12.37** 
PI p:, + 0.41 + 5.08* 
PI P4 +34.92** -1 
p2 p3 -0.45 -1.67 
pz " p4 +32.86** + 18.68+* 
P3 P, + 5.08 -0.41 
Av. S E  * 2.14 * 2.34 
I. P I  = FESR-12-PI-B,-BI, P2 = PI 337409, P, = PI 337394F. and P, = U F  7151 3. 
2. Reciprocal cross missing. 
heterosis exhibited by the cotyledonlembryo. Preliminary studies on combining ability using 
line tester analysis on Fo seed indicated that UF 715 13 and Ah 7223 had significant negative 
GCA effects and therefore were good combiners for seed-coat resistance (Table 4). Variety J I 1 
registered a nonsignificant GCA effect. Var. 27 turned out to be a poor combiner. The Foand F, 
diallel study (Table 5) also indicated PI 337409, PI 337394F. and UF 71513 to be good 
combiners for s,eedcoat resistance. Significant reciprocal effects were noticed in some crosses 
both in Fo and F, for seed4oat resistance (Table 6), perhaps because of the significant maternal 
influence on testa structure. 
Problems in Breeding for A .  flavus Resistance and Future Priorities 
The Resistance Trait 
At least three possibly interdependent resistance traits are known to operate but exact informa- 
tion on their relationships, interactions, and their possible contributions to reducing aflatoxin 
contamination of groundnut are not clearly established. Their relationships with preharvest 
~tural seed infection and infections during postharvest handling and storage are not fully 
iderstood. Research is required to understand these traits and their interdependence, so that 
,:ceding activities can be properly, focused. 
Environmental Influences on Resistance Traits 
Two questions arise concerning environmental influences on resistance traits; on the usefulness 
of breeding for these traits, and on the problem of the extensive sampling required to confirm the 
stability of resistance. Efforts are required to strengthen the sources of resistance by crossing 
lines with different resistance traits and bringing together the different resistance genes (assum- 
ing that the resistance genes are non-allelic). 
Screening Techniques 
Currently available screening techniques for low aflatoxin production are expensive. Cheaper 
and more reliable techniques are needed. Techniques to screen single plants for all the resistance 
traits should be developed. 
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Discussion 
B. Singh, How long does it take to identify a resistant line? 
M.J. 'Vasudeva Rao. It may take a long time to identify a genotype with seed resistance to 
infection by A.Jla\)us as this depends on the heritability of the trait, environmental influence, 
screening facilities available, etc. We do, however, know from work over the past 15-20 years 
that resistance does exist in some genotypes. To breed a cultivar with acceptable agronomic 
traits could take several years if there were significant deficiencies in the quality and yielding 
ability of the resistant source line. 
